The discovery of sex pili as thin, filamentous, surface appendages in male strains of Enterobacteriaceae (2, 4-7, 12, 13, 17, 18, 20) has led to extensive genetic and biochemical studies on this organ (3, and references cited therein). However, the chemical nature of sex pili, as well as their correlation with biological function, still remains vague.
A series of studies on the elimination by chemical agents of F and R factors in Escherichia coli K-12 strains has been performed in our laboratory (1, 9, 26, 27) . We have found that an anionic surface-activating agent, sodium dodecyl sulfate (SDS), is highly efficient in eliminating F and R factors. Much of the effect of SDS has been proved to be selective; SDS is more toxic for Hfr, F', F+, or R+ than for F-or R-variants in SDS-broth. Furthermore, we have obtained evidence that male bacteria are more sensitive to the agent than female bacteria, owing to the presence of sex pili on the cell. A recent paper (24) has reported similar findings.
With these data in mind, our attention has been directed to the nature and function of sex pili particularly from the chemical standpoint.
This paper deals with the isolation and characterization of mutants of the sex factor in E. coli K-12 defective in F pili function. To facilitate the separation and purification of F pili from such mutants, a parental stock devoid of other filamentous surface appendages, i.e., flagella and type I pili (fla pil), was used. Treatment of strain JE3100 (F'8/fla pil) with ultraviolet (UV) irradiation or N -methyl -N' -nitrosoguanidine (NTG) has led to the isolation of mutants that produced F pili but had lost the ability to adsorb male-specific phages, particularly MS2.
MATERIALS AND METHODS
Bacterial strains and bacteriophages. The bacterial strains used in this work were E. coli K-12 derivatives ( Table 1) .
The male-specific bacteriophages used were ribonucleic acid (RNA) phages MS2 (8) and Qf (22) , and the deoxyribonucleic acid phage fl (29) supplemented with CaCl, (2 x 10-3 M), was infected with 32P-labeled MS2 phage (10-I to 10-6 counts per min per PFU; multiplicity of infection, about 10 phages/cell) and was incubated at 0 C for 30 min to allow adsorption. After dilution with water, the culture was filtered on a Sartorius membrane filter and washed with water (three times; total volume, 30 ml). The 32P content of the complexes of F pili (either free or bound to male cells) and phages retained on the filter pad was determined with a Packard TriCarb liquid scintillation spectrometer.
Electron microscopy. Specimens were prepared on a copper grid covered with a carbon-coated collodion film, shadow-cast with platinum-palladium alloy or negatively stained with uranyl acetate (7), and examined on a Hitachi HU-12 high-resolution electron microscope or a Japan Electron Optics Laboratory Co. JEM DISCUSSION Most of over 3,000 MS2r and flr clones isolated after either UV irradiation or NTG treatment of an F'8 strain JE3100 were found to be transfer-deficient (Tra-). They might carry F8 variants which had mutated at a locus governing the production of F pili and thereby failed to enable their hosts to conjugate.
Six mutants were isolated which retained conjugal fertility (Tra+), although much less efficient than the F'8 parent, but which had lost sensitivity to one or all of the male-specific phages MS2, Qf3, and fl. Acridine orange treatment of these mutants, followed by reinfection of cured F-strains with the parental F8 factors, proved the mutation site to be on the F8 factor. The nature of these mutants is summarized in Table 2 . Three of them, i.e., strains KE161, 163, and 164, had lost sensitivity to all three phages, whereas the other three strains (KE196, 198, and 200) had lost sensitivity only to MS2 phage. The sensitivity and resistance to phages were further supported by the ability of the mutants to give a titer increase after phage infection. Electron microscopy proved that all the mutants produce structures resembling F pili. Electron microscopy further indicated that whereas F pili on strains KE161, 163, and 164 cells failed to adsorb MS2 phage, those on strains KE196, 198, and 200 did adsorb. The result was supported by the experiment that demonstrated adsorption of 32P-labeled MS2 phage to mutant cells. It is thus concluded that mutants KE161, 163, and 164 produce F pili, to which MS2 phages can no longer adsorb, and which do not permit productive infection by either MS2, Qft or fl. However, F pili produced by strains KE196, 198, and 200, characterized as MS2r by the cross-streak method and also by the titer increase experiment, could adsorb this phage.
Extensive analysis of cistrons of the F factor using transfer-deficient mutants, including those of the amber-suppressible type (11, 19, 21, 23 (21) and traD mutants (11) as reported in the literature. The observation that the F pili produced adsorbed phages as efficiently as those of parental type F'8 strain suggests that the mutation has not altered the chemical structure of F pili. However, the other mutants (KE161, 163, and 164), producing F pili but having lost the ability to adsorb all three phages, seem not to show a phenotype resembling any of the cistrons reported. Since they produce F pili defective in phage adsorption, it is reasonable to deduce that they have mutated in the cistron(s) governing the chemical structure or conformation of F pili, or both. It might further be argued that such a mutation in a structural gene of the F pilus leading to chemical modification of the organ as a conjugation mechanism may also have lowered the efficiency to conjugate with female bacteria. Further analysis of the mutation site of these defective males would be of interest both from the genetic and chemical standpoints.
